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Although there were earlier attempts to name and classify viruses, the subject
gained new and critical attention when the sixth edition of Bergey's Manual of
Determinative Bacteriology for the first time included a 160-page supplement
titled "Order Virales, The Filterable Viruses." This supplement was prepared by
Francis 0. Holmes, and was an extension of an earlier preliminary presentation
published by him in 1939. It included animal viruses, plant viruses, and bacterial
viruses (bacteriophages). As organized by Holmes, the order Virales consists of
13 families, 32 genera, and 248 species.

One's philosophy as to whether or not the time is yet ripe to name and to at-
tempt to classify the viruses may fall within a range from violent objection to at
least sympathetic acceptance of the idea. There are those who feel that since we
have little or no information as to how viruses multiply, these agents should not
be treated in the same manner as are the bacteria which, in general, divide by
fission. The fact that certain of the plant viruses have been isolated in the form
of crystaline proteins also causes some to question the appropriateness of apply-
ing a binomial nomenclature to viruses. A more realistic approach, however,
would seem to be the acceptance of the fact that there is a distinct need for some
kind of generally accepted nomenclature for these agents as is evidenced by
several past attempts at nomenclatures using numbers, letters, and other desig-
nations. Furthermore, the presentation made by Holmes in the Bergey Manual
constitutes a formal and scientifically valid proposal which should be dealt with
in a scholarly manner. On a general ideological basis, the writer is inclined to
accept the Holmes classification as a provisionally satisfactory starting point.
Furthermore, even though in this paper certain constructive criticism will be
offered concerning points of pertinent detail regarding Holmes' treatment of
insect viruses, the writer wishes to make clear his appreciation of the great
amount of thought and work that this author has put into a commendable
pioneer presentation.
So far as the appropriateness of applying the binomial system of nomenclature

to the viruses is concerned, with certain possible exceptions (e.g., the advisability
of recognizing the viruses as a new kingdom), the writer finds himself in rather
general agreement with the point of view expressed by R. E. Buchanan in a
talk at the "Bergey's Manual Dinner" in Cincinnati, May 17, 1949, and since
then circulated in mimeographed form. In his discussion, Buchanan acknowledges
several inadequacies of Holmes' systematics but believes that none of them is
fundamental and that there appears to be no good reason why the binomial
system should be avoided. The writer also recognizes the statement in the In-

1 Contribution from the Laboratory of Insect Pathology, Division of Biological Control,
College of Agriculture, University of California, Berkeley.
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ternational Bacteriological Code of Nomenclature: "Bacteriological nomen-
clature considers bacteria, related organisms, and the viruses."
The present paper is concerned with the nomenclature and classification of

only those viruses which infect and cause diseases in insects; it does not deal with
those viruses, of other animals and of plants, which are transmitted from host
to host by insects. Furthermore, it is to be recognized that some of the general-
izations made with regard to the insect viruses may not apply to plant and animal
viruses in general.

HISTORICAL ASPECTS IN BRIEF

As it was with the virus diseases of plants and animals generally, so it was
with the virus diseases of insects-the first ones observed were attributed to
other causes. In addition to miasmic causes, early investigators assigned etiologi-
cal roles to certain protozoa, bacteria, and fungi.

Probably the first recognized disease of insects to be caused by what is now
known to be a virus was jaundice disease of the silkworm (Bombyx mori (Linn.)).
Records as far back as the early 16th century refer to what is very probably this
polyhedrosis. It was not until the early part of the 20th century that the virus
nature of this disease was definitely acknowledged. Not only was silkworm
jaundice the first known virus disease of insects to have been discovered, but
even today probably more is known concerning it than any other of the more than
a hundred reported virus diseases of insects. Similarly, the agent of silkworm
jaundice has served as the center for the development of a nomenclature for the
insect viruses.

Believing the agent of silkworm jaundice to be a protozoan, Bolle (1894) gave
it the name Microsporidium polyedricum. It was Bolle's conception that the
polyhedral inclusion bodies were the spores of the protozoan which multiplied in
a manner similar to that of coccidia. Von Prowazek (1907) at first also believed
that a protozoan was responsible for the disease, but that the polyhedra them-
selves were simply by-products of the infectious process. He gave to the agent the
name Chlamydozoon bombycis. Prell (1918) considered the parasite to be located
within the polyhedron and that the granules sometimes seen in the inclusion
represented the nuclei of the causative organism for which he proposed the new
generic name Crystalloplasma with the agent of silkworm jaundice, Cryskallo-
plasma polyedricum (Bolle), as the type species. Later, Prell (1926) gave the
name Crystalloplasma monachae to the agent of Wipfelkrankheit, a polyhedrosis
of the nun-moth caterpillar (Lymantria monacJa Linn.).
By the time of Prell's contributions, the idea that jaundice disease of the silk-

worm, as well as similar diseases of other insects, might be caused by a filterable
virus was being advanced by several workers, notably Acqua (1918-19) and
Paillot (1924 a, b, 1925, 1926 a, b, 1930). Paillot identified the virus with certain
minute, ultramicroscopic granules which could be demonstrated with the aid
of a darkfield microscope. To these granules, which he considered the true cause
of the disease, Paillot gave the name Borrellina bombycis. The generic name
Borrellina honored the name of the French bacteriologist, A. Borrel. This genus
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has retained its validity and includes those viruses which cause the formation of
polyhedra in the tissues of the diseased host. According to Holmes (1948),
Paillot's original spelling of the generic name with two l's is an error, and the
name should be spelled Borrelina.
Mention should be made here of a lengthy paper by Del Guercio (1929) dealing

with the taxonomy of what he believed to be the etiological agents of polyhedral
diseases of numerous insects of Italy. Just what Del Guercio actually saw is
difficult to say; they were unlike any known micro6rganism. He believed them
to be organisms phylogenetically located between fungi and algae on the one
hand and true bacteria on the other. He characterized them as being microscopic,
thallus-shaped, arborescent vegetative growths, having a ramified, involved
structure growing out of a stroma, and having fruiting bodies of polyhedric form
with some species also having small coccus-like reproductive forms. Of 71 species
reported, Del Guercio named 66. These species were separated into 12 genera.
The type genus was Entomococcus of which the type species was Entomococcus
bombycinu8, the supposed cause of silkworm jaundice. The drawings which illus-
trate the paper indicate the incongruity of the work, and are difficult to interpret
from a biological standpoint. As the writer has indicated elsewhere (1949), it
seems unnecessary to give serious consideration to the names proposed by Del
Guercio since it is quite obvious that whatever were the forms that he saw, they
certainly were not viruses, and would appear to have no phylogenetic relation
of any kind to the agents which cause typical polyhedroses.

This brings us to a consideration of the nomenclature proposed by Holmes
(1948) in the sixth edition of Bergey'8 Manual of Determinative Bacteriology,
and an evaluation of the generic categories.

GENERA OF INSECT VIRUSES

The classification of insect viruses as presented by Holmes groups these agents
into two genera, Borrelina and Morator in the family Borrelinaceae, suborder
Zoophagineae, order Virales. The genus Borrelina is characterized as consisting
of "Viruses inducing polyhedral, wilt, and other diseases; hosts, Lepidoptera,
so far as known." The genus Morator is given the following description: "Only
one species at present, inducing the disease known as sacbrood of the honey bee."
The inadequacies of these descriptions are probably apparent to most students

of insect viruses, although it should be admitted that the knowledge concerning
these viruses was poorly organized even as recently as when Holmes prepared
his classification. Nevertheless, enough information was at hand to have been
more exacting in the delimitation of genera. Thus, Holmes' statement that mem-
bers of the genus Borrelina are "known only as attacking lepidopterous insects,"
although true for the species he recognizes, does not take into account the poly-
hedroses of certain Hymenoptera and Diptera. His assertion that members of
the genus Morator are "known only as attacking the honey bee, a hymenopterous
insect," could perhaps have been broadened to include the virus (Borrelina
flacheriae Paillot) responsible for initiating the diseases of gattine and true
flacherie of the silkworm, a lepidopterous insect, although the uncertainty which

205



EDWARD A. SE1NAUS

surrounds the nature of this virus could reasonably justify its omission from this
genus, at least for the time being. To be more logically questioned is the ad-
visability of including Borrelina brassicae Paillot and Borrelina pei Paillot in
the genus Borrelina, as was done by both Paillot and Holmes. These viruses not
only do not give rise to polyhedral inclusions (but rather "granules") in the
infected cells of the host, but also produce a distinctly different type of disease
from that caused by the socalled polyhedral viruses.
To assist in correcting and clarifying some of these systematic vagaries, the

writer has recently proposed (Steinhaus, 1949) that the known insect viruses be
considered tentatively as consisting of four principal groups according to the
type of inclusion bodies formed when the latter are present. Thus, those viruses
causing insect diseases characterized by the presence of polyhedral inclusions in
the infected cells of the hosts are placed in the genus Borrelina Paillot; those
viruses causing insect diseases characterized by the presence of refringent, poly-
morphic inclusions of very irregular shape and size in the cytoplasm of the
infected cells of the host are placed in the genus Paillotella Steinhaus; those
viruses causing insect diseases characterized by the presence, in large numbers, of
very small but microscopically visible granular inclusions in the infected cells
(particularly visible in the cytoplasm) of the host, are placed in the genus Ber-
goldia Steinhaus; and those viruses causing insect diseases in which no visible
pathological inclusion body of any kind is produced are placed in the genus
Morator Holmes.

In all probability, the viruses causing diseases in insects are not limited to the
four genera just mentioned. Indicative of this is the likelihood that the infection
described by Weiser (1948) as occurring in larvae of Camptochironomus tentans
(Fabr.) may be caused by a virus representative of a fifth genus. Indeed, we
should be inclined herewith to recognize such a genus were it not for the fact
that the virus itself has not yet been isolated or demonstrated with the electron
microscope or other defining physical means. As will be explained shortly, the
writer is of the opinion that henceforth and until other criteria are established,
no new specific names should be proposed unless the viruses concerned have at
least been demonstrated with the electron microscope or by other means which
delineate their basic physical and morphological properties. In the present case,
the virus not having been demonstrated, it is not possible to designate the re-
quired type species for the genus and at the same time adhere to the specifications
just mentioned. It may be pointed out, however, that the disease described by
Weiser differs from those caused by the viruses of the four named genera pri-
marily by the fact that the relatively large oval inclusion bodies occur in the
cytoplasm of the infected cell (the nucleus remaining undamaged and of normal
size), and these bodies contain numerous small granules which can be seen in the
inclusions even without alkaline treatment.

TYPE SPECIES
Of the four genera into which the insect viruses are grouped, two (Borrelina

and Paillotella) have type species originally named by Paillot as members of the
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genus Borrelina. In neither of these instances is it certain that this French
worker actually saw the virus. In the case of jaundice disease of the silkworm
(caused by Borrelina bombycis) he observed certain minute granules, invisible
by ordinary microscopy but visible with the aid of a darkfield microscope, in the
blood and tissues of the diseased insect. Paillot believed these granules to be the
causative agent of the disease and it was to them he gave the name Borrellina
bombycis [Borrelina]. The exact relation these granules of Paillot's have to
the virus still remains to be determined. Since then the actual virus has been
isolated and demonstrated with certainty by means of the electron microscope
(Bergold, 1947), and has been shown to be a rod-shaped particle approximately
40 by 288 millimicrons in size. In spite of the uncertainty as to the identity of the
granules described by Paillot, it is acknowledged that this worker knew he was
concerned with a filterable virus and that the name he gave the granules was
intended for the etiologic agent of the disease which he believed to be identical
with them. Names used prior to that of Borrelina bombycis were not favored with
as acceptable an insight as to the true cause of the polyhedrosis concerned (most
earlier writers thought they were naming a protozoan) and hence they have
been generally ignored. Consequently the name proposed by Paillot has been
accepted as the name of the virus. In this we follow Holmes' acceptance of
Paillot's nomenclature for those species which he named and recognized as
associated with certain of the insect virus diseases. It so happens therefore that
the specific epithets proposed by Paillot have become those of the type species
of each of the genera Borrelina and Paillotella. The two species concerned are
Borrelina bombycis Paillot and Paillotella pieris (Paillot) Steinhaus. The exact
nature of Paillotella pieris is unknown; it is the only species known for the genus,
and the disease it causes is the only one of its kind so far reported.
At the time the writer (Steinhaus, 1949) proposed the name Bergoldia for

the genus of viruses which cause those diseases provisionally known as granu-
loses, the only species bearing a name was Bergoldia brassicae (Paillot) Steinhaus
(= Borrelina brassicae Paillot). Unfortunately, this species was so inadequately
known as compared with certain others of the group that it would have been a
very unsatisfactory type species for the genus. Furthermore, the genus could not
be adequately characterized from what was known of this species alone. Accord-
ingly, in defining the genus, the writer indicated as type species of the genus the
virus responsible for the granulosis (Bergold's Kapselvirus-Krankheit) of Cacoecia
murinana (Hbn.), which is the first one of the group to have been isolated in a
free state (Bergold, 1948) and one about which relatively much is known. The
species was named Bergoldia calypta.
The type species of the remaining genus, Morator, is Morator aetatulae Holmes,

the cause of sacbrood in honeybees.

CLASSIFICATION OF INSECT VIRUSES

In recent years considerable progress has been realized in an understanding
of the basic nature of the insect viruses. In order to bring the information per-
taining to the classification and nomenclature of this group up to parallel these
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new advances, the arrangement which follows is presented. In making this
presentation, however, the writer is under no illusions as to its infallibility.
Indeed, it is offered strictly in a tentative and provisional sense, and with the
hope that it will serve as a,satisfactory starting point for more profound treat-
ment by others.
With regard to the naming of new species of insect viruses, the writer wishes

to make the proposal that henceforth new species be named only after the virus
itself has been demonstrated as a morphologically distinct entity by accepted
physical or visual means. It is admittedly difficult to decide on the criteria that
should be used in naming species of viruses. It would seem, however, that there
is something fundamentally wrong in describing as a new species an agent which
has not even been seen or whose gross morphological aspects have not been
determined. At any rate, so far as the insect viruses are concerned, the electron
microscope has been able to reveal most species which have been diligently
sought. In keeping with this belief, in the present paper the writer is assigning
new names only to those species which have at least been demonstrated with the
electron microscope. In order to preserve continuity, however, it is suggested
that at least for the time being all those species of insect viruses which have
been previously recognized as such by Holmes in Bergey's Manual of Determina-
tive Bacteriology be accepted and retained even though some of them may not as
yet have been seen with the electron microscope or demonstrated by a deter-
mination of their physical properties.
Another discipline the writer would like to suggest concerns the description

of the various species. In the sixth edition of Bergey's Manual, properties (eg.,
thermal inactivation) are listed for certain of the polyhedral viruses (genus
Borrelina) which are based on studies made of polyhedral suspensions and not
on the virus itself. Since significant amounts of virus are contained within the
polyhedral body and protected by it, a determination of the thermal and other
survival properties, for example, of such protected virus would not represent a
true picture so far as the virus itself is concerned. It is therefore suggested that
henceforth proper care be taken in citing the properties of the virus concerned
to differentiate between free virus and virus incorporated within the polyhedral
or other inclusion body. The same applies to those viruses of the genus Bergoldia
which are surrounded by a proteinaceous envelope which undoubtedly exerts a
protective influence.
Although aware of the faults inherent in using the hosts as criteria for differen-

tiating species of viruses and in constructing keys to species, the writer recog-
nizes the difficulty in using any other criterion, especially under the present
circumstances, and for this reason has provisionally adopted the procedure used
by Holmes (1948). For the sake of uniformity, in presenting the following classi-
fication we shall follow the generally accepted form used by Bergey's Manual
wherever this form is applicable to our subject. In so doing, however, we are
not acknowledging the necessity of including such matters as symptomatology
in the descriptions; this information is being incorporated primarily for the
convenience of the reader.
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Order VIRALES Breed, Murray, and Hitchens
(J. Bact., 47, 1944, 421)

Suborder Zoophagineae Holmes
(Bergey's Manual, 6th ed., 1948, 1225)

I. Viruses causing insect diseases characterized by the presence of polyhedral inclusions
in the infected cells of the host. The inclusions (each of which contains numerous virus
particles) originate in the nuclei of the host cells. The size and shape of the inclusions
may vary within certain limits, but usually they are relatively uniform in these respects
and in each case a more-or-less typical form ordinarily predominates.

Genus I. Borrelina Paillot
II. Viruses causing insect diseases characterized by the presence of refringent polymorphic

inclusions of very irregular shape and size in the infected cells of the host. The inclu-
sions originate in the cytoplasm of the host cell.

Genus II. Paillotella Steinhaus
III. Viruses causing insect diseases characterized by the presence, in large numbers, of very

small but microscopically discernible granular inclusions in the infected cells of the
host. The inclusions are particularly visible in the cytoplasm of the cells, but in some
cases at least also occur in the nuclei. [In all instances so far known, the size of the in-
clusions is less than 1.0 micron in their longest diameter.] In all known cases, a single
virus particle is located within each granule.

Genus III. Bergoldia Steinhaus
IV. Viruses causing insect diseases in which no visible pathological inclusion body of any

kind is produced.
Genus IV. Morator Holmes

Genus I. Borrelina Paillot
(Compt. Rend. Acad. Sci., Paris, 182, 1926, 182)

Viruses causing insect diseases characterized by the presence of polyhedral inclusions in
the infected cells of the host. The inclusions (each of which contains numerous virus parti-
cles) originate in the nuclei of the host cells. The size and shape of the inclusions may vary
within certain limits, but usually they are relatively uniform in these respects and in each
case a more-or-less typical form ordinarily predominates.

The type species is Borrelina bombycis Paillot.
Key to the species of genus Borrelina2

I. Attacking the silkworm, Bombyx mori (Linn.)
1. Borrelina bombycis Paillot

II. Attacking the larva of the nun moth, Lymantria monacha Linn.
2. Borrelina efficiens Holmes

III. Attacking the larva of the gypsy moth, Porthetria dispar (Linn.)
3. Borrelina reprimens Holmes

2 Since this paper was written, Harriette B. Wasser and the writer have isolated the
viruses causing polyhedrosis of the forest tent caterpillar, Malacosoma disstria Hbn., of
the western tent caterpillar, Malacosoma pluviale (Dyar), and of the beet armyworm,
Laphygma exigua (Hbn.). As determined from electron micrographs the size of the M.
disstria polyhedron averages about 1.8 microns, while that of the virus particle is approxi-
mately 40 by 315 millimicrons. The polyhedron from M. pluviale averages about 1.6 microns
in size, while the virus particle measures approximately 40 by 350 millimicrons. In the case
of L. exigua the polyhedron has an approximate size range of 1.0 to 1.5 microns in diameter,
and the virus particle is about 40 by 270 millimicrons in size. Recently, G. H. Bergold
(Forest Insect Invest. Bi-monthly Prog. Rept., 1949, 5, No. 3, p. 2) reported the isolation
of a polyhedrosis virus from the spruce budworm, Choristoneura fumtiferana (Clem.). The
average dimensions of the virus particles are 28 millimicrons in width and 260 millimicrons
in length.
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IV. Attackiuig the western yellow-striped arimyworin, Prodenia praefica Grote.
4. Borrelina olethria n.sp.

V. Attacking the alfalfa caterpillar, Colias philodice eourythene BIdvl.
5. Borrelina cainpeoles n.sp.

V'I. Attacking the California oakworm, Phryganidia califor'nica Pack.
6. Borrelina peremnptor n.sp.

Borrelina bombycis Paillot
(Comnpt. Rend. Acad. Sci., Paris, 182, 1926, 182)

The following organisms an(d supposed organisms have been (lcsignate(l b- their authors
as the cause of silkwN-oIrIml jaun(lice: IMicrococcuis boetibycis (Bechamip.) Cohn, Beitr. z. 13iol. d.
Pflanzen, 1, 1872, 165. iMicrosporidiotn polyedricolm l3olle, Atti e MIem. dell'I. It. Soc. Agr.
Gorizia, 33, 1894, 193. Micrococcus lardariuis Krassilstschik, Mlei6m. Soc. Zool. de France, 9,
1896, 513. Chlamnydozoon bombycis von Prowazek, Arch. f. Protistenk., 10, 1907, 363. Crys-talloplasmoa polyedric?m (Bolle) Prell, 1918, (see Verh. III Internat. Entomol.-Kongr.,
Zoirich, 2, 1926, 152.)

The Viros (Fig. 1): Rtods, approximately 40 by 288 mllillimiicroins, fairly uniformil in size,
occurring singly, in bundles of 2 and sometimes 4 units eaclch. Conmprise 3-5 per cent of poly-
hedron weight. Axial ratio 7.2; sedimentation constant S20 1871; diffusioni constant D20 0.215
X 10-7; frictional ratio f/fo 1.51. Particle weight (fromS20 D20) 916 X 106 (from length
and (icaimieter) 299 X 106. Filterable through Berkefeld V and N, Chamberland Li, L2, L3
filters. Chemical constituency: nucleoprotein (desoxyribonucleic acid type), relatively high
l)hosphorus content. Inactivatedl (in polyhedral suspensions) by: boiling for 10 minutes.
60 C for 30minutes, alcohol and ether, strong acids and strong alkalies, 1 pei cent dodecyl
sulfate, 36per cent urea, 36 pei cent guanidine, antiforimin formialin. In polyhedral suspen-
sions, resists action ofNeak acids and weak alkalies, drying, and is suspendil)le in water.
(M.I.D. = 1.0 X 10- 1 g/host animal.)

The Incloision (Fig. 2): Polyhedron with 5 to 8 faces, usually 6 hexagonal rhonibodode-
cahedra; rather sharp, angular corners. Sizeraniges from 0.5 to 15micronis (average 3 to 5
microins) in(diameter; usually fairly regular in size. Refractile crystallike, dense toward
center, sometimes appears to have layers as though formed by accietion; may crack on pres-
sure. Not ol)tically active. Heavier than iwater. Stains rather poorly with ordinary aniline
(IN-es;l)etter hen moIrdanits aeIC used. Has soiiewhaliat of alimitinig''mnemibrane.' Soluble in
weak alkalies (e.g., 0.006MNa2CO3, 0.06 pei cent KOH or NaOH; optimum solubility at pH

P'LATI1 I

1. Electronmicrographs of Borrelinia boooibycis Paillot. the cause of jaundice in the silk-wsormll, Bonib!jix uuori (Linn.). Top view shows individual virusparticles,and bundles
oft\-o p0larticles each; lower view(negativeprint) showsin(livi(lual particles. The virus
p)articles.11(1 bundleshave been freed from the polyhedra by(lissolution of the latter

in dilute sodium carbonate. Approximate magnification, top view: 27,500 X; lower
view: 21,000 X.

2. Poly-hedra characteristic of silkworm jauntdice. as seen with an ordinary light micro-
scopie. Magnification approximately1,0)0 X.

3. Electronmicrograph of Borrelina efficiens Holmes, the cause of apolyhedrosis (Wipfel-
kraekheit) of thenuii-imoth caterpillar, Lyinantria nionacha (Linn.). Bun(dlespree
doiminate. MIagnification approximately 16,800 X.

4. Preparation showing the polyhedra characteristic of thepolyhedrosis of the nun-moth
caterpillar. MIagnification approximately 460 X.

5. Electron micrograph of Borrelina reprioscens Holmes,thie cause of a polyhe(drosis ("wilt(liseease") of the gypsyimoth caterpillar,PIorthetria disparI, (Linn.). Magnification
al)lproxiniately 37,500 X

6. PolINhledra characteristic (of the ply()lyhdrosis ()f he gyl)sy-mth caterpillar.AI.agllifica-
tioi app)roximately 1,000 X.
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10.8 to 11.0) and in weak acids (optimum solubility at pH 1.0 to 0.5). Insoluble in hot or cold
water, alcohol, chloroform, ether, or xylol. Chemical constituency: nucleoprotein. When
dissolved in Na2CO3, the principal component has a molecular weight of about 378,000 and
a diameter of about 10 millimicrons (sedimentation constant S20 12.85); the molecular weight
of the split components is about 60,500 (sedimentation constant S20 3.16). Lower phosphorus
content than virus. Contains no fat as indicated by its failure to stain with Sudan III and
osmic acid. Amino acid content consists of following percentages; histidine 2.5, arginine 5.6,
lysine 10.6, tyrosine 9.6, phenylalanine 6.7, tryptophan 3.3, cystine 0.52, methionine 3.3,
and alanine 4.4. Small amounts of iron (0.5 per cent) are also detectable. The polyhedron
protects virus activity from heat at 60 C for 30 minutes, sunlight irradiation 2 to 10 hours,
putrefaction 22 months, 0 to 4 C in insect blood 1 year, storage in 1 per cent NaCl and
glycerol in 1 per cent toluol, or in 1 per cent zepharol at 40 C for 22 months, drying in high
vacuum (10-4 mm Hg) for 5 hours, drying in air at room temperature for months, and 15-
minute treatments with the following: acetone, ether, 2.5 to 30 per cent formaldehyde, 5 per
cent phenol, 5 per cent mercuric chloride, 70 per cent alcohol, and a 1:1 solution of 96 per
cent alcohol and 1:1000 mercuric chloride. Virus activity completely inactivated when
boiled in water for 10 minutes, or when treated for 15 minutes with trichloracetic acid.

Host: The silkworm, Bombyx mori (Linn.) (Lepidoptera, Bombycidae).
Disease -Caused: Silkworm jaundice. (Synonyms: grasserie, giallume, Gelbsucht.) Symp-

toms: Infected larvae may exhibit loss of appetite and show general inactivity although
frequently these symptoms are absent until late in the disease. The insect's body assumes a
distended, swollen or fatlike appearance. Just before death the integument becomes opaque
and assumes a shiny, yellow color. The larva is very flaccid because of the disintegration of
internal tissues. The caterpillar is difficult to move without breaking the integument and
liberating the liquefied contents. Incubation period 6 to 8 days. Polyhedra form in the nu-
clei of infected cells of hypodermis, fat body, tracheal matrix, and probably other tissues
but not in the cells of the gut epithelium.

Pertinent Literature: Bergold, Biol. Zent., 63, 1943, 1-55; Zeit. f. Naturforsch., 2b, 1947,
122-143; Zeit. f. Naturforsch., 3b, 1948, 25-26. Desnuelle, et al., Ann. Inst. Pasteur, 69, 1943,
75-86, 248-250; 71, 1945, 264-272. Glaser and Chapman, Biol. Bull., 30, 1916, 367-391. Glaser
and Lacaillade, Am. J. Hyg., 20, 1934, 454-464. Glaser and Stanley, J. Exp. Med., 77, 1943,
451-466. Paillot, Traite des maladies du ver a soie, Doin, Paris, 1930, 137-184. Paillot and
Gratia, Arch. f. Gesell. Virusforsch., 1, 1939, 1920-1929. Steinhaus, Principles of Insect
Pathology, McGraw-Hill, 1949, 425-449.

Borrelina efficiens3 Holmes
(Bergey's Manual, 6th ed., 1948, 1226)

The following organismns and supposed organisms have at one time been designated by
their authors as the cause of the polyhedrosis (Wipfelkrankheit) concerned: Bacillus "B"
Hofmann, Die Schlaffsucht der Nonne, P. Weber, Frankfurt, 1891, 31 pp. Bacterium mona-
chae v. Tubeuf, Forstl. Naturwiss. Z., 1, 1892, 41. Bacillus monachae Eckstein, Z. Forst- u.

Jagdwesen, 26, 1894, 6. Crystalloplasma monachae Prell, Verh. III Internat. Entomol.-
Kongr., Zuirich, 1926, 152. By some authors: Chlamydozoon prowazeki Wolff, Mitt. Kais.-
Wilh. Inst. Landw. Bromberg, 3, 1910, 69 (named as causing polyhedrosis in larvae of Bupa-
lus piniarius Linn.).

The Virus (Fig. 3): Rods, somewhat larger than Borrelina bombycis Paillot, occurring in
bundles of 2 units each. Probably has the general physical and chemical properties similar
to those of Borrelina bombycis Paillot.

The Inclusion (Fig. 4): Polyhedron more or less triangular to tetrahedral in shape. Size
averages about 2.5 microns in diameter. Remaining characteristics similar to those de-
scribed for polyhedra associated with Borrelina bombycis Paillot. The polyhedron protects

3 As the result of an obvious typographical error, this specific epithet is spelled efflciens
at the point where it is described. Elsewhere in the same publication it is spelled efficiens.
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virus activity for 3 years when held in a dry state. Held moist, in glycerol, polyhedral sus-
pensions retain virus activity for at least 5 days. Virus withstands putrefaction.

Host: Larva of the nun-moth, Lymantria monacha (Linn.) (Lepidoptera, Lymantriidae).
Disease Caused: Wipfelkrankheit (Synonyms: Wipfelsucht, nun-moth wilt, nun-moth poly-

hedrosis). Symptoms: Infected larvae show loss of appetite, become very flaccid, and if dis-
turbed shortly before or after death the broken integument liberates the fluid, disintegrat-
ing internal tissues containing large numbers of polyhedra. Before dying the larvae tend to
migrate to the tops of trees (Wipfeln). Incubation period from 13 to 15 days.

Pertinent Literature: Bergold, Biol. Zent., 63, 1943, 1-55; Zeit. f. Naturforsch., 3b, 194S,
25-26. Heidenreich, Arch. f. Gesell, Virusforsch., 1, 1940, 582. Komirek and Breindel, Z.
Angew, Entomol., 10, 1924, 99-162. Wahl, Cent. Ges. Forstw., 35, 1909, 164-172; 212-215; 36,
1910, 377-397; 37, 1911, 247-268; 38, 1912, 355-378.

Borrelina reprimens Holmes
(Bergey's Mlanual, 6th ed., 1948, 1226)

At one time Glaser and Chapman (Science, 36, 1912, 219) believed that the polyhedrosis
of the gypsy moth was caused by a small gyrating micrococcus which they named Gyro-
coccuIs Jlaccidifex. A year later (J. Econ. Entomol., 6, 1913, 479) they realized that this
bacterium was only a secondary invader and that the true cause of the disease was a filter-
able virus.

The Virus (Fig. 5): Rods, approximately 41 by 360 millimicrons, occurring in bundles
having an average size of 160 by 415 millimicrons. At certain points along each of the rod-
shaped particles making up a bundle can sometimes be seen small nodes directly opposite
each other when two or more particles are still hanging together. Sedimentation constant
S2o 2500 to 4000 (depending on number of virus particles adhering together); diffusion con-
stant D20 0.175X 10-7; frictional ratio f/f o 1.42; axial ratio 8.8. A particle weight of 1300 X
106 when calculated from the length and diameter of the virus particle as seen in electron
micrographs. Filterable through Berkefeld N but apparently not through Chamberland F
filters. Chemical constituency: nucleoprotein of the desoxyribonucleic acid type. (M.I.D.
= 1.0 X 101-0 g/host animal.)

The Inclusion (Fig. 6): Polyhedron with 5 to 8 faces, crystalline in appearance, corners
not regularly as sharp or as angular as in case of those associated with Borrelina bombycis
Paillot. Average size 3.5 microns, although variations of from 0.5 to 15.0 microns have been
reported. They are nucleoprotein in nature. The principal component has a sedimentation
constant ofS20 12.57 and a molecular weight of 276,000. The split components have a seli-
mentation constant of 3.12 and a molecular weight of 47,250. In general properties, the poly-
hedra associated with Borrelina reprimens Holmes are very similar to those of the polyhedra
associated with Borrelina bombycis Paillot (which see).

Host: Larva of the gypsy moth, Porthetria dispar (Linn.) (Lepidoptera, Lymantriidae).
Disease Caused: Polyhedrosis of gypsy-moth caterpillar. (Synonyms: wilt disease, gypsy-

moth wilt.) Symptoms: Infected caterpillars lose their appetite, become sluggish in move-
ment. Diseased insects usually seek an elevated place on their host plant. Just before death
they become soft, the internal tissues disintegrate and liquefy, and upon rupturing the in-
tegument a brownish liquid is liberated.

Pertinent Literature: Bergold, Biol. Zent., 63, 1943, 1-55; Zeit. f. Naturforsch., 2b, 1947,
122-143; Zeit. f. Naturforsch., 3b, 1948, 25-26. Chapman and Glaser, J. Econ. Entomol., 9,
1916, 149-167. Glaser, J. Agr. Research, 4, 1915, 101-128; Science, 48, 1918, 301-302. Glaser
and Chapman, J. Econ. Entomol., 6, 1913, 479-488. Steinhaus, Principles of Insect Pathol-
ogy, McGraw-Hill, 1949, 454-464.

Borrelina olethria n.sp.
(From Greek olethrios, destructive)

The Virus (Fig. 7): Rods, occurring in bundles of several members each. Approximdte
size 50 by 290 millimicrons.

The Inclusion (Fig. 8): Polyhedron, appears to have 4 or 5 sides when seen in outline.
Size ranges from 2.0 to 5.0 microns with an average diameter of about 3.0 microns. General
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pIo)perties prob)ably similar to those described foIr the polyhe(lra associatedl w ith Borrelinea
bomt7bycis Paillot.

Host: The xx-esterII yellow-striped armiyworIm, Prodenia pnaefica Gfrote (Lepidoptera.
Phalalenidlae LNoctuidaeD.

Disease Cauised: Polyhedrosis. SymiptomIs: Infectedt larvae lose their appetites, b)ecolme
sluggish in iioveimeIlt. They may turn ireddish brow n before death, asftei x -hich the body
contents disintegrate into a darIk wA-atery mass xs-ithini the integuImient.

Peirtinent Literatuire: Blanchard and (oCongei, J. ECoII. E'ntonmol., 25, 1932, 1059-1070.
Steinhaus, Priniciples of Insect Pathology, McGaw- Hill, 1949, 467-468.

Borrelina campeoles in.sp.
(FrIomIi Greek katinpe, caterpillar + olesai to destroy)

7'he Virus (Fig. 9): Rods, approximnately 40 by 309 nlillimllicoIls, occulring, in bunidles of
several memnbers eaich. Filterable through bacteriological filteis of coarse to iimediumi prOI'S-
itl.Most of the ph)ysical and chemical ageents whichldestroy bacteria also (lest roy the virus.
Incorporated xNxithini the polyhecromi the virus is very resistant to (Irving anIId cln Ietaini its
infectivity foi at least a vear.

The In7clislioni (Fig. 10): Polyhedron, appears to have fIomll 3 to 6 sides wxheni seemi in out-
line, vaIies coinsiderably in shape. Corners arIe angular but somnexxlhat iounl(le(l. Size varies
fr omii 1.0 to 3.0 microns in (liameter, xvith an average xvidth of about 1.5 imicroins.EIxceptioin-
ally large polylhedra (4.0 to almost 5.0 ImiiCr'onIs) arie seeni occasionally. Mlost of the general
properties of the polyhedra are essentially the saine as those descrilbed un(lei Borrelina
botoibycis Paillot.

Host: The alfalfia caterpillar, Colias philodice eurytheine13dvl. (Lepidoptera, Pieridac).
D)isease Caosed: Polyhedrosis of the alfalfa, caterpillar. (Synonyms: Wilt (liseatse, wilt .)

Symptoms: Infecte(d larvae show loss of appetite, and decreased activity. The normally
green color of tIme larva changes to alpale, i-ellox-ish, or grayish-green, somiietimiies giving the
insect a miiottle(d appearance. Body becomes very flaccidaanel somewxhalt darkened and(l usuallyN,
(lies :anbout 7 (lays after inifection. Theimteirnal1 tissues I)ecome liquefie(d and tlie caterp)illar
breaks down into a(lisintegratinigimiass.UPupa may also shlow symptomis of disease.

Pertinent Literature: AMichelbacher ani(d SmIiithl, lilgardia, 15, 1943, 369-397. Steinhaus,
J.. Lcon. Entomiol., 41, 1948, 859-865; Principles of Insect Pathology, McGrawv-Iill, 1949,
477-484. Wil(leirmluth,11.S. Dept. Agr., Circ. 133, 1911, 1-14;13ull. 124, 1914, 1-40.

PLATE I1I
7. Ellectronmicrographs of Borrelina olethria n.s)., the cause of a polyhedlrosis of the

xxestern vellow-stri)cd armyxorm, Prodeniia praefica Grote. Tol) viex shoxs vir-us
bundles (dark bodies are salt crystals); lower view showvs ind(fivi(lual virusparticles
ais seen in a gold-shadowedprep)aration.AMagnification ap)proxiimately 12,59() X.

8. Poolyhedra characteristic of the polyhedrosis of the wvestern vellox -stri)pel ariyxxwiorm.
AMagniificatioin approximately 1,000 X.

9. E,lectromi micrograph (gold-shadoxed prep)aration) of Borrelieam cu(mp(oles s.Sp., the
cause of a p)olyhe(drosis of the alfalfa caterpillar,Colias philoddiceecurythoie 1B(lvl.
Virus bundles as wvell asindiviclual virusparticles may be seemi.AMagnification approxi-
matel 12,500 X.

10. Polyhedra characteristic of the polyhedrosis of the alfalfa caterpillar. ?Magnification
approximately 1,000 X.

11. Electron micrograph of Borrelina perentiptor n.sp., the cause of a polyhedrosis of the
California oakwvorm, Phryganidia catifortiica Pack., shoxxing individlual virusparti-
eles. Magnification approximately 12,500 X.

12. Polyhedra characteristic of the polyhedrosis of the Califorilia oakwxorm. \Iagnification
ap)proximately 1,000 X.

214 [VOL. 13



1949] NOMENCLATURE AND CLASSIFICATION OF INSECT VIRUSES

r A

@*4.t

I ft

. )
W 1"--

.,%W.

;.....''..

ialS.

llt. %.:m .--T
j-

J

\ ..
-.t''

*.

.:\KFI " At l
U t ;,"

#
t

F

s4-jr.
/.\ _i-

.-1
VZ

ae

'N

.

_I-
._ 12*

PLATE II

.l.l.P ¢ t
^} R .F

*:itga:t >.... e - : . : :w:.: . u . b:: .<s.
... .,..Q1

uSl
eg_

.::' .: t::
::..

41.

G
fa) (aZ

*
*.%
.

00

0

0

S

* *o

. 4

0

10

a

215

*:::..; ' ..

j! ....@.,
:, .... :',..

.:. }.: :. :..x ....;..,- : : : i:
... ..

w,

.w

J.:

:,

.,j: .:^: }:. ... '
X.



EDWN'ARD A. STEINHAUS

Borrelina peremptor n.sp.
(From Latin peremptor, a destroyer)

The V'ir'u1s (Fig. 11): Rods, approximately 30 b) 270 miillmicions, occurring in bundles
of several memnbers each (in electron microscope preparations so far examined, the bundle
formation has been seen only rarely). 'Most physical and chemnical agents wA-hich destroy
b)acteria also destro- the virus. Within the poly-he Iron the virus is protecte(d from these
atgencies to a consi(deral)le (legree.

The Iaclit sioai (Fig. 12): Pol. hedliron, appears to have from 3 to 5 sides w-hen seen in out-
linle, varies coiisiderably in shalpe and may be very irregular; corners roundedl. Size ra1nges
from 1.0 to 3.5 ImlicIroIIs in diamneter; averages about 2.0 microns.

Host: The California oakw-orm, Phr!yganidia californica Pack. (Lepidoptera, Dioptidae).
Discase Cauised: Polyhedrosis of the California oakworin. Sy-Imiptoms: Infected larvae be-

come sluggish in movement and lose their appetites. Natural coloration becomes less in-
teInse; recently dea(l larvae may assume a pink or faint reddish color. Internal tissues
liquefY; the darkened dea(d larvae lose theiI normnal form and hang limp from host plaInt.

Pertintent Literatuare: Chapmian and Glaser, J. Econ. Entomol., 8, 1915, 140-150. Stein-
liaus, P'rincil)les of Inisect Pathology, IMcGraw-h1ill, 1949, 472.

G'enus II. Paillotella Steinihaus
(Principles of Insect Pathology, IMcGraw-Hill, 1949, 422)

Viruses causing insect diseases characterized by the presence of refringent, polymorphic
inclusiorns of very iiregular shape and size in the infected cells of the host. The inclusions
originate in the cytoplasm of the host cell.

The type, and only, species is Paillotella pieris (Paillot) Steinh1aus.
Key to species of genus Paillotella

I. Attalcking the larva of the cabbage butterfly of Europe, Pieris brassicae (Linn.)
1. Paillotella pieris (Paillot) Steinhaus

Paillotella pieris (Paillot) Steinhaus
(Compt. Ren(l. Acad. Sci., Palris, 182, 1926, 182; Principles of Insect Pathology, 1949, 422

an(1 498.)
The Viruzs: Not vet demonstrated with certainty. Paillot has described certain small

gra,nules less than 0.1 mnicroni in dliamleter wlhich appear to be associated with infectiousness.
El,1ectron microscope observations not yet made. Granules retained by Chamberland filter
of fine porosity and the infectivity of the blood is thus destroyed. Infectivity also destroyed
by heating at 75 C for one-half hour.

The Incluision (Fig. 22): Polymiorphic. RefIringenlt. Of irregular size and shape: annulai,
spherical, globoid, and elongated structures. Foi'iol in cytoplasimi of infectecd cell. Believe(d
to arise from the mitochondria of the cell. Occur in fat an(l bloo(d cells.

Host: The larva of the cabbage butterfly of Europe, Pieris brassicae (Linn.) (Lepidop-
tera, Plieridae).

Disease Cauised: Polymorphic-inclusion disease. Symptoms: Very few outwar(d signs. The
blood of diseased larvae is viscous and milky in appearance. 'Mortality varies, mnay be low
to fairly high. Pupae also susceptible. Experimentally, virus difficult to establish in insects
when given per os. Direct inoculation succeeds. Virus also transmitted fronm one generation
to the imext in association w-ith the egg.

Pertinent Literatuire: Paillot, Compt. Rend. Acad. Sci., Paris, 182, 1926, 180-182; Ann.
Inst. P'asteur, 40, 1926, 314-352. Steinhaus, Principles of Insect Pathology, 'McGraw-Hill.
1949, 497-500.

Genus III. Bergoldia Steinhaus
(Principles of Insect Pathology, 'McGraw-Hill, 1949, 422.)

V'iruses causing iinsect diseases chalracteIized by the lpresence, in large numbers, of very
small but microscopically discernible granular inclusions in the infected cells of the host.
The inclusions are p)articularly visible in the cytoplasm of the cells, but in some cases at
least also occur in the nuclei. [In all instances so far known, the size of the inclusions is less
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than 1.0 micron in their longest diameter.] In all known cases, a single virus particle is lo-
cated within each granule.

The type species is Bergoldia calypta Steinhaus.
Key to the genus Bergoldia

I. Attacking the fir-shoot roller, Cacoecia murinana (Hbn.)
1. Bergoldia calypta Steinhaus

II. Attacking the variegated cutworm, Peridroma margaritosa (Haw.)
2. Bergoldia daboia n.sp.

III. Attacking the buckeye caterpillar, Junonia coenia Hbn.
3. Bergoldia lathetica n.sp.

IV. Attacking the salt-marsh caterpillar, Estigmene acraea (Drury)
4. Bergoldia thompsonia n.sp.

V. Attacking the larva of the cabbage butterfly of Europe, Pieris brassicae (Linn.).
5. Bergoldia brassicae (Paillot) Steinhaus

Bergoldia calypta Steinhaus
(Principles of Insect Pathology, MIcGraw-Hill, 1949, 422 and 512.)

The Virus (Fig. 13): Rods, 50 by 262 millimicrons, occurring singly and enclosed in a
proteinaceous envelope or "capsule." Svedberg sedimentation constant S20 1324; diffusion
constant D20 0.278 X 10-7; a frictional ratio f/f0 1.49; axial ratio 5.2. Particle weight 460 X
106 when calculated from sedimentation and diffusion constants, and 435 X 101 when cal-
culated from the length and diameter of the particle as seen on electron micrographs.

The Inclusion (Fig. 14): Proteinaceous envelope or "capsule" which surrounds the virus
particle. Approximate size: 0.23 by 0.36 micron. Dissolves in weak alkali giving a main comn-
ponent with a sedimentation constant of S20 11.8, and a molecular weight of about 300,000.
The split components have a sedimentation constant s20 3.45, and a molecular weight of
about 60,000.

Host: The fir-shoot roller, Cacoecia murinana (Hbn.) (Lepidoptera, Tortricidae).
Disease Caused: Granulosis. (Synonym: Kapselviruts-Krankheit.) Symptoms: Few ex-

ternal symptoms until shortly before death at which time the normal yellowish-green in-
sects become thickly swollen and are colored a pale greenish hue. Upon puncturing the
integument of a diseased larva, a milky-white fluid oozes out. This fluid contains the small
granules which harbor the virus particles.

Pertinent Literature: Bergold, Zeit. f. Naturforsch., 3b, 1948, 338-342. Steinhaus, Prin-
ciples of Insect Pathology, McGraw-Hill, 1949, 510-514.

Bergoldia daboia n.sp.
(From Hindu daboya, that lies hidden)

The Virus: (Fig. 15): Rods, approximately 40 by 340 millimicrons, occurring singly and
enclosed within ovoid envelope; occasionally somewhat curved. Soaletimes several rods
arrange themselves end to end in chainlike fashion.

The Inclusion (Figs. 16 and 21): Ovoid envelope covering virus particle, approximately
0.25 by 0.45 micron. Occasionally rather long coalesced forms seen. Soluble in low concen-
trations of Na2CO3.

Host: Variegated cutworm, Peridroma margaritosa (Haw.) (Lepidoptera, Noctuidae).
Disease Caused: Granulosis. Symptoms: Two or three days after infection the larvae

begin to eat less food than normally; they remain slightly smaller in size than normally
developing insects, have a somewhat languid appearance, and usually die before pupating.
The larvae are flaccid but the body wall remains relatively firm. The fat tissue of the insect
is especially affected. Histopathology of the disease under discussion is characterized by
the accumulation of the granular inclusions in the diseased cell; they are particularly visible
in the cytoplasm.

Pertinent Literature: Steinhaus, Science, 106, 1947, 323-324; Principles of Insect Pathol-
ogy, McGraw-Hill, 1949, 508-511. Steinhaus, Hughes, and Wasser, J. Bact., 57, 1949, 219-221.
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Bergoldia lathetica n.sp.
(Fromii Grieek, lathktikos, likelY to escape notice.)

The l'iruxs (Fig. 17): Rods, appproximately 40 by 300 millimnicronis, occurring singly and(
eciilosed w-ithinl aIn ovoi(l envelope.

The Irncluisiot (Fig. 18): Ovoid envelope, covering virus particle, approximately 0.30 by
0.45 microin. Soluble in low concentrations of _Na2CO3.

Host: The larva of the buckeye, Juneonia coenia Hdlbner (Lelidloptera, Ny\-mphallidae).
Diseasc ('nsed: Gir.anulosis. Svmptoms: Similar to those causedl by Beryoldia dlaboia in tlle

variegaCtted cutworm. The fat body of the buckeye is nIot s l)prominent -is is that of the cut-
VN-orim thatt the N-Iiite, opaqiue aspect of this structure is Inot ats not iceelble ats in the lattel-
iinsect. Buckeye calterpillars imay be atlm-iost ImloIribund w\ithout show\inig imiuch externlIal evi-
ilence of (lisease, except a genieral lack of activity ain( loss of al)l)etite. Usuallyt,hoN-evel,
the dliseatsed larva,te appear brownish in color aind lose imost of their blue imetldlic luster.
IPresenee of the granules in t.hc nuclei of the fit cells is more evident th.ni in the cutwormI.
Granules imay allso be present in cy tol)lats:-l. Thenuclei hypertrophy greatly before breaking
(lox- 0.

Pertincnt 'iteratuire: Steitnhaus, Priniciples of InIsect Pathology, IMcGraw- Hill, 1949, 501.
Steinhaus tand Tioiiipsoni, Science, 1949, 110, 276-278.

Bergoldia thompsonia il.sp.
(Nanie(d for(CllIrence(G. Thomip)son who first observed the inifectionI in salt-limatirsh

caterpill:trs collected in the fiel(l.)
ThelVirus (Fig. 19) :Rods, apin oxi- iiitely 40 by 270 miilliimicrons occurringSingly and

elncloseCd wNithllin an1 ovoid envelop)e.
T'he Itnlucsioni (Fig. 290): Ovoid envelope coverinig virusplArticle, appioximiately 0.25 by

0.40Imicron. Soluble inlow concent rations of Na2C,.
Iost: The salt-miarsh calterlillatr, Estigtocne acraca (I)rury) (Lepicdoptera, AICtiidale).
Disease Cause(d: Gwranulosis. Symptonms: Loss of.apl)petite and lesseinedl generatl activity.

'I'lTe hatiry coverinig of the larvae Obscures any otlherI externa.l symp)toIs.tpon(IeJtlh tie

lirvae areflaccid (nI soft.
Pertintenit Literature: Steihaus, Principles of Insect Pathology, McGraw-Hill, 1949, 531.

SteinhatusaInd Thiomipson, Sciiice, 1949, 110, 276-278.
Bergoldia brassicae (Paillot) Steinhaus

(lPaillot,Coni)t. Rend. Acad. Sci., Pa1ris, 182, 1926, 182. Steinhaus,lrinciples of Insect
Paithology, McGraw Hill, 1949, 502.)

ThelVirus: -Not vet(le.nonstrattel with the electIroni miCroscCO)e.Ptro)Ja'dv siilmilir totCI
othlei viruses of thlis geInus.

PLATE,T III

13. Electron micrographs (niegativel)rint) of Bergoldia eatypta Steinhlaus, the cause of a

granulosis of the fir-shoot roller, Cacoeciantottrintana(Hbn1.). Each of the virus parti-
cles has beeni freed froiim agIraniular iniclusioni body (as shiownNIl in fig. 14) by' dissolution
of the latter by dilute sodium carbonate.IMagnification ap)proximately 27,000 X.

14. Electron. micrograph (negative print) of the grainular inclusions characteristic of the
graniulosis of the fir-shoot roller. The large form probal)ly represents acombined
grouping ofgianules.AMagnification approximately 27,000 X

15. Electroin micrograph of Bergoldia daboia n.sp., the cause of agraiiulosis of the variegate(l
cutworm, Peridroina inoarqaritosa(Haw.). Magnificationi approximately 12,500 X.

16. Election micrograph of the granularinelusionscharacteristic of the granulosis ofthe
variegate(l cutwN-ormi. Magnification app)roximately 12,500 X.

17. Electron micrograph of Bergoldia lathetica n.sp., the cause of a granulosis of the buckeye
caterpillar, Juinonia coenia Hbn . agnificationi aipproximately 12,500 X.

18. Electon micrograph (goldslhatdowed preparation) of the granular inclusion s character-
istic of the graniulosis of the buckeye caterpillar. 'Magnification approximately
2,500XX .
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EDWARD A. STFEINHAUS

The Inlcutsioti: Simillar to thalt of other graiuloses. Size averages about 0.2 to 0.3 miCIron
;In (dianIet cr' (Pa(lillot ) although tlhev are probably ovoi(i in shape as are the iinclusionis of

t oieotheIr granIuloses.
Host: Larval of the cabbage butterfly of 1Europe, Pieris brassicae (Linn.) (Lepidoptera,

l'ie-ridae).
Disease Cauised: Grnanulosis. Symptoms: Infected inlsects exhibit a whitish-vellow color

on1 theiI ventral surface, lose tlheiI appetite and are less active. IpoI (leath the b)ody is soft
an11(l flaccid.

P'ertirnent Literaterc: Paillot, Compt. Ren(l. Acad.- Sci., ParlIis, 182, 1926, 180-182; ibidl..
198, 1934, 204-205. SteiIIhIus, Principles of Insect Pathology, Mcr(TIr1v-Hill, 1949, 3) 2.

Genus IV. Morator Holmi1es
(Bergey's 'Manual, 6th ed., 1948, 1227.)

V-iruses causing insect diseases in which no visible I)Jthologic.l iiilclusioin body of any
kind is p)roduce(l.

Thle tvl)e, ail(l only reported species is Morator aetatuilc llolmiies.
Key to species of genus Morator

I. Attackiing the honeybee, Apis ioellifera Linn.
1. .llorator aetatulac Holmes

Morator aetatulae 1lolies
(Bergey's MLanual, 6tlh ed., 1948, 1227.)

The Virui-,s: Not vet deiinonstrate(d wN-ith the election ici'oscope.4 Passes Pasteur-Chamnber-
land and Berkefeld filters. ViIrus is irenldered inactive whieil lheated in water at 59 C for 10
1in1jIutes, an1d1 in 11ho1ey at approximllately 70 C for- 10 minutes. It withstandls dryin,,g at rO:1n
teml)eipature for approximately three weeks. Driedl virus exposed to the dlirect rays of the
sun is destroyed in fIromii 4 to 6 hours; when it is suspencded in honev it is destroYed in fIroIm1
5 to 6 hours. WheIn suspended in honey and shielded from the diiect sunlight the vir'us i'e-
min.1;I1s viI-ulenIt foi' slightly less than onIe monIth at I'oom te1i1peiratute(eurin(g the sumimier.
In the presence of fertmientative pIrocesses taking place in a 10 pei cent canIe sugar solutioni
at IooImi temnl)erature, the virus is dlestroyed in about 5 d(ays-the sAime period of survival
aIs in a 20 per cent honey solution at outdoor te.pl)eratures. In the presence of putrefaetive
p)r'ocesses the virus remlains virulenit for approxi.mlately 10 days. The virus will resist 0.5,
1.0, andcl 2.0 per' ceInt phenol for inurIle thani 3 w-eeks. Dead larvae whiich have remained in the
brIood comIbi) I1orIe than oiie iimointhi are usually noininfectious. A single, fIeshly dlea(l laiva,
containis cnough infectious material to kill at least 3,000 healthy larvae in one week. Trians-

4 Working Nith certain purifie(l materials from honeybee larvae dying of sacbrood.
Harriette B. Wasser and the w-riter have obtained electron micrographs of small particulate
bodies wchich may possibly represenlt the virus of sacbrood although their identity has by
nio means been proved. Similar bodies have not as yet been found inimaterial from healthy
larvae. OIn the other hand, the infectivity of the minute particles remains to be (lemoil-
strated. The particles are spherical to slightly oval in shape and are approximately 60
millimicroins in diameter.

PLATE IV

19. Electioni micrograph of Bergotdia thontipsonia In.sp., the cause of a granulosis of the salt-
mIaIsh caterpillar, Estigui,ene acraea (Drury). Two "granules" may also l)e seeni.
Magnification approximately 12,590 X.

20. Electron micrograph (gold-shadowed preparation) of the granular inclusioins character
istic of the granulosis of the saltmarsh caterpillar. 1Iagnification approximately
12,500 X.

21. Wet- inoumit prep)aratioIn (as seen w\ith an ordinary light microscope) of the granular
(Continued on opposite page)
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inclusions from the fat tissue of a variegated cutworm, Peridroma mar-garitosa (Haw.),
infected with Berqoldia daboia n.sp. Magnification approximately 650 X.

22. Drawing of the refringent polymorphic inclusion bodies which characterize the disease
of the larva of the cabbage butterfly of Europe, Pieris brassicae (Linn.), caused by
Paillotella pieris (Paillot). (Redrawn from Paillot, 1926.)

(Photographs 1, 3, 5, 13, and 14, are from publications by Dr. 0. H. Bergold and were
obtained through the courtesy of Dr. Bergold. Photographs 2, 4, and 6 were obtained
through the courtesy of the late Dr. R. W. Glaser. Photographs 7, 8, 9, 10, 12, 15, 16, 18, 20,
and 21 were made for the author by Mr. K. M. Hughes; and photographs 11, 17, and 19 were
prepared by Mrs. H. B. Wasser.)
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mission occurs through the agency of contaminatecl food an(n probably water supply of
insects.

Host: The larva of the honeybee, Apis itueltifera Linnl. (Hymenoptera, Apidae).
Disease Cauised: Sacbrood, Symptoms: In his taxonomic accouInt, hIolmes (1948) de-

scribied the (lisease as follows: "In the honey bee, imllmature stages only are susceptible;
infected larvae die, usually afteI capping, some of the dea(l bIrood beinig uncapped by the
bees. Occasionally caps are punctured. Affected areas of comnb are usually slmii-ll and scat-
tered. Each larva is exten(led along its cell, head turned upward towar(d the ioof. A larva
recently delad appears light yellow, light gray, or light brown, soon darkening to brown oI
almost black. Cuticle of dead larva tough, permitting extraction of the saclike imass without
rupture; contents watery with many suspended, fine brown pArticles. Theie are no char-
ateteristic intracellular bodies in affected tissues. Dea(d larva e eventually dry (lown to form
scales that are black ar(i ioughened, that separate iea(ilyr fiom the cell wall, and that miay
be lifted out intact."

Pertinent Literatuire: Bergey's Manual, 6th ed., 1948, 1227-1228. White, U. S. Dept. Ag .,
Bur. Entomol., Circ. 169, 1913, 1-5; U. S. Dept. Agr., Bull. 431, 1917, 1-54. Steinhaus, Insect
Microbiology, CoIm1stock Publ. Co., 1946, 426-430; Principles of Insect Pathology, McGraw-
Hill, 1949, 514-523.

RtECA PITULATION

Recent attempts to devise a satisfactory system of classifying plant and animal
viruses have made it necessary to give further consideration to the systematic
aspects of insect viruses if they are not to be left behind in the development of
virus taxonomy. To assist in bringing this about, the writer has followed his
previous proposal that the known insect viruses be separated provisionally into
at least fotur generic groups (Borrelina, Paillotella, Bergoldia, and lIorator)
according to the type of inclusion body formed in the tissues of the diseasedl
host, andI the type of disease pioduced. In the present paper these groups havre
been further delineated, descriptions of species have been revised, andl the fol-
lowing new species named: Borrelina olethria, Borrelina campeoles, Borrelina
peremptor, Bergol(lia daboia, Bergoldia lathetica, an(d Bergoldia thoin pson ia.

Although more than a hltndlred (lifferent insect hosts are known to be sUs-
ceptible to probably as many different viruses, it is suggested that in the future
no name be given to a v-iruis until the agent has been demonstrated by physical
or visual means in such a manner that at least its approximate size ancl shape
are known. For instance, all new species described and name(d in the present
paper have been (lemonstratetl at least with the electron microscope. It is further
recommende(d that the properties and characteristics of those insect viruses
contained within inclusion bodies be determinedl on the basis of tests on the free
virus rather than, as in the past, on the virus protected by the inclusion.
As the techniques of virus research are refinedl the characteristics and proper-

ties of the insect viruses will undoubtedly become more accurately known. The
keys, descriptions, and groupings proposed in this paper are advanced as sugges-
tions that may assist ftutuie viruis systematists in better appraising the several
kin(ls of viruises which cause infections in insects.

REFERENCES

(The following references iuieludle only those cited ill the mmon-desemriptive plarts of this pap)er.)
Anont, C. 1918-1919 Ricelche sulla malattia del giallume del baco da seta. Renldl. Ilnst.

Bact. Scuola Super. Agr. Portici, 3, 243-256.

222 [VOL. 13



NOMENCLATURE AND CLASSIFICATION OF INSECT VIRUSES

BERGOLD, G. 1947 Die Isolierung des Polyeder-Virus und die Natur der Polyeder. Zeit.
Naturforsch.1 2b, 122-143.

BERGOLD, G. 1948 Uber die Kapselvirus-Krankheit. Zeit. f. Naturforsch., 3b, 338-342.
BOLLE, J. 1894 Il giallume del baco da seta. Notizia preliminare. Atti e mem. dell'I.

R. Soc. Agr. Gorizia, 33, 193.
DEL GUERCIO, G 1929 Il male del giallume (o dei microbi poliedrici) negli allevanmenti

dei filugelli, negli insetti delle piante forestali ed agrarie e nelle zanzare della malarie,
Redia, 17, 1-315.

HOLMES, F. 0. 1939 Handbook of phytopathogenic viruses. Burgess Publ. Co., Minne-
apolis, Minn. 221 pp.

HOLMES, F. 0. 1948 Order Virales, the filterable viruses. In Bergey's manual of deter-
minative bacteriology. 6th ed. Williams & Wilkins, Baltimore. 1529 pp. (See pp. 1225-
1228.)

PAILLOT, A. 1924a Sur l'6tiologie et l'epid6miologie de la grasserie du ver 'a soie. Compt.
Rend. Acad. Sci., Paris, 179, 229.

PAILLOT, A. 1924b Sur une nouvelle maladie des chenilles de Pieris brassicae et sur les
maladies du noyau chez les insectes. Compt. Rend. Acad. Sci., Paris, 179, 1353-1356.

PAILLOT, A. 1925 Sur la grasserie du ver a soie. Compt. Rend. Acad. Sci., Paris, 181, 306-
308.

PAILLOT, A. 1926a Contribution a l'6tude des maladies a virus filtrant chez les insectes.
Un nouveau groupe de parasites ultramicobiens: les Borrellina. Ann. Inst. Pasteur,
40, 314-352.

PAILLOT, A. 1926b Sur une nouvelle maladie du noyau ou grasserie des chenilles de
P. brassicae et un nouveau groupe de microorganismes parasites. Compt. Rend. Acad.
Sci., Paris, 182, 180-182.

PAILLOT, A. 1930 Traite des maladies du ver a soie. G. Doin et Cie., Paris. 279 pp.
PRELL, H. 1918 Referred to by Prell, 1926.
PRELL, H. 1926 Die Polyhederkrankheiten der Insekten. Verhandlungen des III Intern.

Entomol.-Kongress, Zurich, July, 1925, 2, 145-168.
VON PROWAZEK, S. 1907 Chlamydozoa. II. Gelbsucht der Seidenraupen. Arch. Protis-

tenk., 10, 358-364.
STEINHAUS, E. A. 1946 Insect Microbiology, Comstock Publ. Co., Ithaca, N. Y. 763 pp.
STEINHAUS, E. A. 1949 Principles of Insect Pathology. McGraw-Hill, New York, 757 pp.
WEISER, J. 1948 Zwei interessante Erkrankungen bei Insekten. Experientia, 4, 317-318.

1949] 223


